mechanisms. The SRM (1991) proposed a site conservation rat ing to assess the degree of protection from erosion afforded a site. The major recommendation of the SRM (1991) was: "The effec tiveness of present vegetation in protecting the site against accel erated erosion by water and/or wind should be assessed indepen dently of the actual or proposed use of the site. This assessment should be called a Site Conservation Rating. The Site Conservation Rating at which accelerated erosion begins should be called the Site Conservation Threshold. Any site rated below the Site Conservation Threshold would be considered in unsatis factory condition and those above it, satisfactory." The difficulty in ratingan area arises in identifying the thresholds that allowan area to move from one category to another (USDI-BLM 1993) .
Attempts have been made to establish soil cover guidelines required for site protection. Packer (1951) found ground cover the most influential in affecting overland flow on steep slopes, and soil erosion was most affected by the size of maximum bare openings. He suggested 70% cover was required for adequate protection (would depend upon frequency and intensity of rain fall). Orr (1970) concluded that plant and litter cover must be greater than 60% for maximum soil stability in the Black Hills of South Dakota. Gifford (1984) suggested that 50-60% cover is probably sufficient. Although many studies have identified mini-mum cover values in the 60-75% range (Costin 1980 , Lang 1979 , Marston 1952 , Noble 1965 , Moore et al. (1979) speculated that a minimum cover value of 20% may be sufficient in controlling runoff and surface erosion in Kenya. Costin et al. (1960) reported the cover should be near 100% for some Australian conditions. Gifford (1984) found that various cover types (vegetation, litter, rock, and erosion pavement) offer differing degrees of soil pro tection, and the effectiveness of the different cover types vary with time of year and within a given storm.
This study is based upon the concepts proposed by the SRM (1991) to define techniques of establishing the condition of our nation's rangelands. Ourobjectives were 1)to develop criteria for the evaluation and establishment of Site Conservation Thresholds on a clay loam upland site and 2) to evaluate the usefulness of the Water Erosion Prediction Project (WEPP) model (Lane and Nearing 1989) in determining the Site Conservation Threshold. It is hypothesized that rangelands that rill with a 10-year return period event are unsustainable. Rangelands that initiate rilling with the 25-yearreturn periodevent are at risk to degradation and that rangelands that do not initiate rilling until the 50-year return period event are potentially sustainable.
Study Area and Methods
The study area is an alluvial terrace located 27 km west of Willcox, Arizona in the Major Land Resource Area, 41-3, Chihuahuan Semi-desert Grassland (USDA-SCS 1988) . Long term (30 years) average annual precipitation in Willcox is 293 mm, with an average growing season precipitation of 197 mm (NOAA 1991) . The area has a 3 to 4% slope, with an average ele vation of 1,500 m. The study area is classified as a clay loam upland ecological site (USDA-SCS 1988) . The Whitehouse soil series found on the site is deep and well drained, with high avail able water capacity, slow permeability, slow to medium runoff, and moderate hazard of erosion (Hendricks 1985) . In this semiarid region of the Southwest, annual above-ground net primary productivity can vary from 500 to 1,350 kg/ha on this rangeland site (USDA-SCS 1988 Sixteen sample sites (15 X 15 m), all on the same ecological site, were selected to represent the diversity of plant communities and site stabilities that could occur on the site. Selection included evaluation of characteristics that were mainly responsible for influencing the erosional stability of the plant community. Plant composition within sample sites was chosen to be as uniform as possible to restrict internal variation. The sample sites were locat ed within 300 m of each other to minimize the differences in soil and rainfall. One hundred quadrats were located on a systematic grid with 10 transects of 10 quadrats each, spaced 1.5 m apart within each sample site. A nested frame with 3 quadrat sizes (40 X 40 cm, 20 X 20 cm, and 10 X 10 cm) was used in sampling.
Data were collected in the winter of 1991 and the summer of 1992. The winter sampling followed a dry summer growing sea son (118 mm of precipitation) and represented the site at an apparently low level of site stability (high risk of accelerated ero sion due to minimal canopy and ground surface cover). The site was re-evaluated during the late summer of 1992 following above 278 average precipitation (238 mm) and represented the site at an increased level of site protection (i.e., increased stability due to increased canopy and groundcover)compared to the wintersam pling period.
Percent ground cover was determined by visually estimating the percent of basal vegetation, litter, rock (>2 mm), and bare ground in each of the 40 X 40 cm quadrats. The dry-weight-rank method of t'Mannetje and Haydock (1963) was used to estimate species composition by weight of perennial plants. Annual plants were notincluded in the sampling procedure due to their scarcity. The comparative-yield method of Haydockand Shaw (1975) was usedto estimate totalstanding biomass with a ranking for each40 X 40 cm quadrat. The point-centered-quarter method was used on each quadrat (totalof 400 distance measurements per sample site) to obtain the average distance to the nearest perennial plant and to derive plant density for each sample site (Bonham 1989) . Since measuring distance to the nearest perennial plant was time con suming, data on the frequency of quadrats with no rooted peren nial plant was evaluated as a possible substitution for distance to the nearest perennial plant. Three quadrat sizes (10 X 10, 20 X 20, 40 X 40 cm) were used to determine the best size, because frequency is a function of quadrat size.
A Site Stability Rating was estimated for each nested quadrat on a scale of 1 to 5 (Fig. 1) as an integer. The Site Stability Rating is a subjective rating procedure developed to determine if quadrats could be used to quantify the mean stability within a sample site. The Site Stability Rating descriptions were adapted from the Region 3 Range Analysis Forest Service Handbook (USDA-U.S. Forest Service 1970). They were based on the amount and patchinessof ground cover, and evidence of past soil movement. An average Site Stability Rating for the sample site was determined from each quadrat size.
Sediment yield was predicted for each sample site using the WEPP single event model (Version 93.3) (Laflen et al. 1991 ) with the vegetation parameters of distance to nearest perennial plant (m), percent rock and litter cover, and standing biomass (kg/m2).
The WEPP model partitions soil erosion into rill and interrill ero sion. Interrill erosion is a function of raindrop splash detachment. The amount of soil erosion from splash detachment is a function of rainfall intensity and amount of bare ground (Lane and Nearing 1989) . Rill erosion is a function of velocity of the water and the sediment concentration within the water. Rilling and/or detachment of soil particles by concentrated flow is a function of the hydraulic shear force of the water. The hydraulic shear of the flowing water is inversely proportional to the hydraulic rough ness of the surface and velocity of the water. Hydraulic roughness on rangelands within the WEPP model are estimated as a func tion of rock, litter, basal cover, standing biomass, random rough ness, and soil texture (Weltz et al. 1992 ).
It was hypothesized that the storm intensity required to initiate rilling (a threshold increase in erosion rate) might be a way to identify the Site Conservation Threshold for rangelands. Those that rilled with a 10-year storm or less would be below the Site Conservation Threshold, those that rilled with a 25-year storm might be borderline, and those that rilled only with a 50-year storm or greater would be above the Site Conservation Threshold. The six-hour rainfall event with return frequencies of 5, 10, 25, 50, and 100 years were used to estimate the effects of storm size on predicted soil erosion.
The hypothesized relationship of the six-hour, 10, 25, and 50-year return frequencies storms to the health of rangeland ecosys- tems were selected based on the following criteria. The selection of event duration (6-hours) was chosen to reflect the dominance of summer convective thunderstorms on soil erosion in the south west in contrast to longer duration and lower intensity winter frontal storms (Renard et al. 1993) . The return frequencies of 10, 25, and 50-years were chosen to reflect the interaction of soil properties, land-use, and soil erosion. Based on work by Osborn (1984) , Osborn and Goodrich (1993) , and Renard et al. (1993) it was hypothesized that return frequencies of the 2 and 5-year event would often not generate sufficient overland flow to initiate rilling for many upland rangeland soils. The selection of the 10, 25, and 50-year return frequencies was based on the assumption that, at these rates, changes in land-use or management practices could alter the vegetation and surface soil conditions enough to influence protection from rilling. The 100-year return event was not selected because for most arid and semi-arid ecosystems severe erosion will naturally occur because of lack of adequate precipitation to produce vegetation to protect the soil surface from these episodic events (Branson et al. 1981) . Total rainfall depth (mm) for the six-hour, 5, 10, 25, 50, and 100-year return frequency storms were 43, 60, 76, 89, and 108, respectively. Maximum peak 10 min. rainfall intensity (mm/hi) for the six-hour, 5, 10, 25, 50, and 100-year return frequency storms were 45, 75, 106, 137, and 199, respectively . Soil charac teristics, initial soil moisture, and slope variables were constant for all sample sites. Soil parameters of bulk density (g cm"3), soil texture [sand and clay (%)], and organic matter (%), were para meterized from data supplied by the Soil Conservation Service (Hendricks 1985) . The erosion (interrill erodibility, rill erodibility, and critical shear stress) and hydrologic (effective hydraulic conductivity) parameters were estimated with the default equa JOURNAL OF RANGE MANAGEMENT 49(3), May 1996 tions of the WEPP model (Lane and Nearing 1989) . Soil moisture was initialized at 90% of saturation. Model outputs of interest were runoff volume (mm) and sediment yield (ton/ha). The 25-year storm event was used for further analysis because of its hypothesized "currently functioning-but at risk to degradation" relationship to site stability.
The WEPP model is highly sensitive to changes in litter cover and standing biomass (Tiscareno-Lopez et al. 1993 ). The mini mum expected vegetation and rock cover (%) should be used to define the Site Conservation Threshold for long term sustainability of the site. This conservative approach may result in some sites substantially exceeding the minimum canopy and ground cover needed to prevent soil erosion during years with above average growing season precipitation.
To evaluate the sensitivity of predicted erosion to plant density, three sample sites (2, 5, and 9) were used. All other WEPP model parameter values for the 25-year storm event were held constant.
These three sample sites were chosen because they represent the spectrum of diversity within the rangeland site of sediment yield; highly susceptible (5), moderately susceptible (9), and slightly susceptible (2). Sediment yield was predicted while varying dis tance between plants from 0.04 m to 100 m. Correlation coeffi cients (P<0.95) were used to demonstrate the interrelationships between ground cover, standing biomass, and distance to the nearest perennial plant (Cochran 1977) . Non-linear regression techniques were employed to determine if a threshold of site sta bility could be determined based on estimated sediment yield from the WEPP model. The relationship of the Site Stability Rating and estimated sediment yield for the site was examined using non-linear regression techniques. The independent vari ables measured for use in linear and non-linear regression analy-ses were: percent ground cover (basal vegetation, litter, rock, and bare ground), standing biomass, distance to the nearest perennial plant, and frequency ofquadrats having no rooted perennial plant. Estimated sediment yield and the Site Stability Rating were used as dependent variables.
Results
The predicted sediment yield varied considerably among sam ple sites when the vegetation data collected during the winter of 1991 were used (Fig. 2a) . As storm intensity increased, runoff, peak discharge, and sediment yield increased (Figs. 2 and 3 ). There was a sharp increase in predicted erosion rates when rilling was initiated by the WEPP model. Five sample sites initiated rilling with the 10-year storm intensity, 8 sample sites started rilling at the 25-year storm intensity, 2 rilled with the 100-year storm, and one did not rill at the 100-year, 6-hour storm event. Simanton etal. (1991) reported that rilled plots produced approx imately 3.3-3.4 times the average erosion rates as comparably sloped nonrilledrangeland areas.
When vegetation data (biomass, litter, and rock) collected dur ing the summer of 1992 were used to parameterize the WEPP model, the results were substantially different from those obtained with the winter data from 1991 (Fig. 2b) . Rilling did not occur with a 10-year storm for any sample site, only one sample site rilled with a 25-year storm and 2 with a 50-year storm. The reduction in type and amountof soil erosion was attributed to the change in biotic characteristics ofthe site. The principal changes between the 2 sampling periods were the increases in litter and standing biomass, because of the time of year and doubling of rainfall during the summer 1992 growing season as compared to the winter of 1991 (Table 1) .
No significant differences were found in basal vegetation cover between winter and summer except onsample site 12, which was predominately curly mesquite. The major land surface character istic that changed between the winter and summer sampling were litter biomass, standing biomass, and bare ground. Litter increas es ranged from 4 to 243%, standing biomass increases ranged from 8 to 107%, and bare ground decreases ranged from 0 to 137%. The wintervegetation and coverdata wereusedfor further analysis and interpretation, since they represented the minimum ground cover and standing biomass evaluated during the study.
The subjective Site Stability Rating was highly correlated to basal cover (r = 0.91), litter cover (r = 0.79), and standing bio mass (r = 0.94). The high correlation between cover, litter, and standing biomass and Site Stability Rating was expected as they are used todefine the different classes inthe Site Stability Rating. There was a significant relationship between the Site Stability Rating and the sediment yield predicated by the WEPP model. (Fig. 6a) corresponds to the threshold Site Stability Rating of 2.5 (Fig. 6b) .
Distance to the nearest perennial plant (Fig. 6c) The frequency of quadrats that had no rooted perennial plant was highly correlated with distance to nearest plant, and thus might be employed as an objective surrogate measure for plant spacing in the field. The frequency of barequadrats (20 X 20 cm) was negatively correlated with the Site Stability Rating (r2 = 0.58) (Fig. 6d) Stone et al. (1992) (r2 =0.91) . Tiscareno-Lopez (1994) Simanton et al. 1991) were used to test the model's ability to predict sediment yield at 16 locations in the western United States (Kidwell 1994) . Kidwell (1994) Dunne et al. (1993) 
